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Problem #1 (30%). 
The growth of a single crystal of sodium chloride (NaCl) salt is carried out at 30oC. 
A supersaturated solution of the salt (40g NaCl/100g water) flows at a velocity of 
0.1m/s over a suspended spherical crystal of size d=2mm.  
The solubility of NaCl in water at 30oC is 36.3g/100g water; density of the solution 
= 1,300kg/m3; the viscosity of the solution = 10-3 kg/(m.s); the density of solid 
NaCl = 2,160kg/m3; the diffusivity of NaCl in water under the given conditions = 
1.4x10-9 m2/s.  
The Rowe’s correlation is applicable: Sh = 2 + 0.79Re1/2Sc1/3. 
Calculate the rate of growth (in radius) of the single crystal. 
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Problem #2 (35%). 
The following adsorption equilibrium data have been obtained for a contaminant 
(solute S) in a gas stream and an adsorbent A. 
c – mol S/L 10-4 3×10-4 7×10-4 10-3 4×10-3 6×10-3 8×10-3 
q –   
mol/g A 
6.9×10-5 2×10-4 4.6×10-4 6.5×10-4 18.3×10-4 24.8×10-4 28.5×10-4 
A gas stream, containing 1.1×10-3 mol/L of S, flows at a superficial velocity usp = 
0.5 m/s through a fixed bed of adsorbent A to remove 98% of S. The diffusivity of 
S in the gas D = 0.15 cm2/s.  
Other data are: 
For the gas stream: ρG = 1.2 kg/m3; µG = 1.8×10-5 kg/m.s; T = 300K; p = 1 atm 
For the adsorbent bed: dp = 0.3cm; ρP = 850 kg/m3; εb = 0.4; specific interfacial 
area 𝑎𝑎� = 300m2/m3 
a) Prove that the adsorption equilibrium of S and adsorbent A is a Langmuir 
isotherm. 
b) Neglecting the pore diffusion, calculate the length of mass transfer zone for 
the adsorption process. 
The following correlations can be useful: 
 
State all your assumptions! 
Use grid papers provided below for plotting! 
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Problem #3 (35%). 
Test drying of 4.2kg of wet solid is done under constant drying conditions. The 
area is 0.1m2 and the “bone dry” mass of the solid is 3kg. The humidity of the 
drying gas is 0.02kg/kg dry air.  
The experimental data are as follows. 
Time - 
hr 
Weight of wet solid - 
kg a) Determine the critical moisture and 
equilibrium moisture. 
b) How is the drying rate related to the 
moisture content in the falling rate period? 
c) During the rate constant period, the 
temperature of the solid is measured as 
42.5oC. Calculate the mass transfer 
coefficient and the convective heat transfer 
coefficient for the drying in this period. (Heat 
of vaporization of water can be taken as 
2400kJ/kg.) 
d) The same solid needs to be dried from 25% to 
5% moisture (wet basis), under the same 
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